Abstract. This paper deals with the dynamic response of exchange rates, inflation and agricultural foreign trade in Bulgaria, Poland and Romania to global food prices. We employ time-varying VARs with stochastic volatility to estimate the behaviour of these macroeconomic variables over the 2001M1-2015M12 period. The original contribution of this paper is that it captures the time variation and nonlinearities of the relationship between variables taking into account food price volatility and its macroeconomic implications. The main findings of the paper are: (i) high global food prices were transmitted to domestic economies causing pressure on inflation in the long run; (ii) in the short run the impact of a positive shock in international food price increases domestic inflation, depreciates the currency and reduces the agricultural trade; (iii) the vulnerabilities to global food prices are more pregnant for Romania and Bulgaria; (iv) the difference in the transmission of world prices is related to the different status of the countries as regards food and agricultural trade. The findings of the research would be significant for the governments to promote policies to help farmers respond to the rising of food prices by growing more and responding to export opportunities that may arise.
Introduction
The idea that open economies and free trade reduce food insecurity has lost ground in the last years because countries seems to be vulnerable to world food price shocks. The trade theory argues that open agricultural trade increases food security by enabling food access (movement of food to countries showing deficit), efficient production and ultimately lower food prices due to a more abundant supply (World Bank, 2012; FAO, 2003) .
The increase in food prices in the last decade has questioned this position and caused major concern about food security and increasing poverty (von Braun & Tadesse, 2012; Headey & Fan, 2008) . World prices of the main agricultural products (mainly cereals, rice and oilseeds) practically doubled in the 2006−2008 period, and increased again between 2011 and 2012, and they have not returned to their pre-crisis level. These movements were reflected in food prices and caused food insecurity in developing and emerging economies. Moreover, these price shocks are unlikely to be reversed because of strong demand for oil and commodities from emerging markets (OECD, 2008) .
The crisis was generated by a complex set of factors, which resulted in a great disequilibrium between food demand that strongly increased in the developing countries and the agricultural production that evolved below the expected levels, because of unfavourable weather like the 2007 drought (EC, DG-Agri, 2008) . These disequilibria was caused by the increasing use of agricultural products for biofuel production and by the diminution in stocks in the context of increasing investments in agricultural derivative markets.
Among the causes of the increasing agricultural prices, the studies of the European Commission (EC, DG-Agri, 2008) show the following:
-Changes in agricultural production and trade due to the physical characteristics of the production caused by weather-related phenomena following the climate change and production-related problems such as yield stagnation, spread of diseases, shifting production zones. -Changes in the macro-economic environment, caused by population and income growth; surge in crude oil prices; increase in demand for grains for biofuels; currency developments, mainly the US dollar depreciation in the 2006−2008 period, and activities on the commodity exchange markets. These factors have influenced both the agricultural products supply and demand. The effects of high food prices can be found: (i) at the level of general macroeconomic indicators: inflation, exchange rate, high price volatility; (ii) at the level of incomes and population's welfare: poverty, polarization, food insecurity; and (iii) at the level of the trade balance and the agricultural balance. The agricultural price crisis led to the re-examination of agricultural and trade policies, to the re-evaluation of targets in relation to biofuel production and to the revival of research and development activities in agriculture and in the life sciences, in general.
The 2006−2008 food crisis had severe implications for developing and emerging economies. The strong variation in agricultural prices affected the economies of the poor countries, particularly countries importing agricultural products, and further the food security of the population (Swinnen, 2011) .
In this paper we focus on Romania and Bulgaria (that joined the EU in 2007). They ranked among the poorest countries in the European Union, and were affected more by the 2006−2008 crisis of the agricultural prices, due to the low earnings of the population and the high share of food expenditure in total consumption expenditure; as for Poland which joined the EU in 2004 and was not affected by recession during the global crisis witnessed an increasing trend in net agricultural export. In 2015, Bulgaria had the lowest GDP per capita in PPS terms in the EU-28, 53% below the EU average, and the lowest AIC (actual individual consumption), 47% below the average. Romania had the second lowest GDP per capita, 43% below the average, and also the third lowest AIC per capita, 41% below the EU average. Poland is closer to the European average with a GDP per capita of less than 33% below the average and a price level of the AIC of 26% below the EU average 1 .
An important question is to what extent the world food prices shocks are transmitted to domestic prices and to what extent they affect the domestic economy.
During the last 20 years, the countries in our study have pursued the liberalization of their agricultural and trade policies for their integration into world markets. But the high global food prices were transmitted to domestic economy causing pressure on inflation through imported agricultural goods, and on domestic currency through the balance-of-payments.
Our study is based on the idea that open economies and free trade reduce food insecurity lost ground in the last years because countries seem to be vulnerable to world food price shocks. This is an important issue that governments have faced after the 2006−2008 food price crisis. The main objective of this study is to estimate the pass-through coefficients and inflation volatility as well as the macroeconomic response to unexpected movements in the world food price by explicitly taking into account their time-varying natures.
We have tried to evaluate the effects of the agricultural price crisis on specific macroeconomic indicators in Romania, Bulgaria and Poland: exchange rate, inflation rate and foreign trade.
Literature review
Some of the earlier studies analysed the pass-through of global food price shocks to domestic prices in advanced and emerging economies, assuming that the exchange rate changes are exogenous (Kalkuhl, 2016, Chapter 12; Ianchovichina, Loening, & Wood, 2012; International Monetary Fund [IMF], 2011a , 2011b OECD, 2008; Pain, Koske, & Sollie, 2006; Gelos & Ustyugova, 2017; Baquedano & Liefert, 2014) . Gelos and Ustyugova (2017) explain the different inflationary effects of world commodity price shocks across countries by food shares in CPI baskets, fuel intensities, and pre-existing inflation levels suggesting that economies reaching higher levels are more vulnerable. They estimate Phillips curves augmented by commodity prices for each country in the sample as well as for the whole panel of countries. However, the specification cannot provide the time evolution of the pass-through of international food and fuel prices to domestic inflation. Baquedano and Liefert (2014) estimate a single equation error correction model for a selection of developing countries, which account for impact of world agricultural commodity prices and exchange rates on domestic consumer prices. They found that in the short run the domestic prices response to a shock in world prices was not very high and the long term adjustment process is relatively slow.
The study by Sekine (2006) is methodologically closer to our approach as he considers a time-varying nature of pass-through, but it only makes use of a single equation analysis that can be found in previous literature (Campa & Goldberg, 2005 Gagnon & Ihrig, 2004) . The data used for estimation covers the period up to the end of 2004 for six major industrialized countries. The study shows that exchange rate pass-through declines over time and the relationship between import prices and inflation is weak. Also McFarlane (2009) pursued a similar time-varying methodology to estimate the exchange rate pass-through for four emerging market economies.
Time-varying parameter models tend to provide more smoothed changes in parameters that is a better estimate of time variation than sudden changes estimated by rolling regressions (Sims, 2001; Sekine, 2006; Baumeister, Durinck, & Peersman, 2008) .
Other studies (Gust & Sheets, 2006; McCarthy, 2000; de Walque, Smets, & Wouters, 2005 and de Walque, Jeanfils, Lejeune, Rychalovska, & Wouters, 2017) use multivariate models such as simultaneous equations or VAR models assuming that all variables are endogenous to measure exchange-rate pass-through. McCarthy (2000) examines the macroeconomic passthrough of external factors to domestic inflation for some industrialized economies using a VAR model and shows that exchange rate shocks have much smaller effect than the import price shocks. De Walque et al. (2005 and conduct an impulse-response analysis by means of a DSGE model with sticky prices and wages linking the euro area and the US economy and measure the consequences of an oil and import price shock to the Euro Area economy. They find out that the Euro Area import price mark-up shock remain persistent in the medium and the long run, while an US price mark-up shock imply a jump in the inflation that dissipates more quickly. Galesi and Lombardi (2009) use a global VAR model assessing for the inflation linkages among countries and show evidence that food price shocks have significant inflationary direct effects especially in emerging economies.
In this study we consider a different approach to explore the impact on consumer price inflation in a time-varying vector autoregression, when the coefficients evolve according to a transition equation and the variance of the forecast error changes over time. The study focuses on three emerging countries (Romania, Bulgaria and Poland) whose expenditure on food account for the highest share of total expenditure across the EU (on average, 14 percent in the EU, 38 percent in Romania and 33 percent in Bulgaria). Bulgaria and Romania joined the European Union simultaneously and belong to the same geographic space. In addition, they both started from a relative low level of economic development, a high poverty rate, which implies increased vulnerability to the crisis of agricultural prices. Poland is chosen to make a comparison with a post-communist country where things are different. Poland joined the European Union earlier, shows better macroeconomic stability based on a higher economic development level and was almost not affected by the crisis of agricultural prices or by the 2007−2009 financial crisis.
The transmission of global food prices is measured in two ways. First, we analyse the pass-through into domestic prices estimated from the inflation equation. Second, we measure global food transmission as the responsiveness to an unexpected movement in the world food prices. We simulate a positive shocks from the world food price index to the economies of Romania, Bulgaria and Poland.
The rest of the paper is organized as follows: Sections 2 and 3 discuss data introducing a time-varying model with stochastic volatility. Section 4 documents the estimation results of the time-varying pass-through and the impulse response of macroeconomic variables to a shock in global food prices. Final section concludes the paper.
Data
For the three countries we consider five different variables, measuring real economic activity, inflation and the exchange market. The dataset applied includes variables with monthly frequency ranging from January 2001 to December 2015, as per the International Financial Statistics of the IMF (real Industrial Production Index, the real effective exchange rate based on Consumer Price Index, and the consumer price index) and Eurostat (the value of agricultural import goods in US dollars, the value of agricultural exports goods in US dollars).
The reason for selecting this period of time is that before 2000 food inflation could be determined by a transition process which was different in the three countries, and using a larger period may distort the comparison of the inflation reaction to food prices associated with the global food crisis.
The time series used in the model are Industrial Production Index (q), Agricultural Imports of Goods (i), Exports of Goods (e), Consumer Price Index (CPI denoted by variable p), Real Effective Exchange Rate (REER denoted by variable s), and World Food Price Index (a) computed as the non-annualized month-over-month rates of growth of the relevant series. We consider the industrial production as a proxy for economic activity for monthly frequency. The imported agricultural goods have a direct impact on domestic inflation through global food price, and an indirect impact associated with exchange rate movements. The exported goods are more sensitive to exchange rate movements.
The graphs in Figure 1 show the data as month-over-month growth rates. The period covered includes, both the evolution during the global financial crisis and the food crisis in by the world. After joining the European Union, Bulgaria saw an accelerated growth based on direct investment. A potential impediment to growth was the underperforming labour market, which was a major factor for the slow-down during and after the global crisis. Romania experienced sustained growth since accession period, mainly due to growing domestic demand. From 2013 onwards there was a sustainable recovery. Among the main vulnerabilities in both countries the most important ones are the reduced capacity to export, and, on medium term, the weaknesses in public administration and the overall business environment.
The (Figure 2) . These swings raise a significant challenge around the world, especially in developing countries (FAO et al., 2011) .
In fact, the world food prices saw a very sharp increase, from 106 percent at the beginning of 1991 to 179.90 in July 2008, and 188.32 percent in May 2011, surpassing its 1996 constant prices record. The world price transmission can result in countries importing world price shocks (Baquedano & Liefert, 2014) . 
Methodological approach
The estimated models are time-varying VARs for each country. The explanatory variables are industrial production index, consumer price index, agricultural import, agricultural export, exchange rate, and world agriculture prices. The specification is selected in order to capture nonlinearities of the dynamics between variables (both gradual shifts and sudden changes) that are expressed as time-variation linear equations for the coefficients. This is important especially for developing countries that witness recurrent structural breaks.
The short-term effect of the food price, as responsiveness to an unexpected movement in the world food price, is measured by simulating a positive shock (a shock: i.e. the world food price movement which a model cannot predict) from the world food price index to each economy. Differently from a standard VAR model, the impulse responses are computed for all points in time because we have estimated coefficients for each t.
The estimated model is: 
The parameters in (1) follow a random walk process with no drift: 
( )
where ( ) t I β is an indicator function used to assure non-explosive paths of the variables. 
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We impose a small open economy restriction on the world price food equation (the coefficients corresponding to domestic economy are considered close to zero).
We calibrate priors as in Primiceri (2005) 
where parameters ˆO LS β and the covariance matrix of the innovations ˆO LS Σ (ˆ' OLS CC Σ = , and C is the Choleski factor) are estimated in a time-invariant VAR on a pre-sample of five years starting in January 2001.
Matrices Q, S, and Z are considered to follow inverted Wishart distribution:
The blocks , 1,..,5 i S i = referring to the lines of t A of non-zero and non-one elements are also assumed as inverted Wishart distributions with minimum degree of freedom and scale matrices calibrated as:
The element of matrix Z, which hold the variances of the stochastic volatility innovations are assumed to be inverse-Gamma.
The time-varying VAR(1) with stochastic volatilities are estimated using simulated data by drawing 50.000 Gibbs samples after discarding the initial 47.000 as burn-in to obtain convergence.
The identification strategy relies on the assumption that the impact of a positive world food price shock is positive on inflation, and negative on agricultural imports. This type of sign restrictions are used in literature (Blake & Mumtaz, 2012; Canova & De Nicoló, 2002; Peersman, 2005; Uhlig, 2005) .
The global food prices and exchange rate pass-through into consumption prices are measured by the inflation equation. Let this equation from time-varying VAR be: 
The dynamics of the variables in the model (and implicitly in the inflation equation) are allowed to change over time, which is very important for economies like Romania, Bulgaria and Poland that have seen many structural changes in the last 26 years. This specification introduces a time-varying nature by assuming the coefficients to vary as denoted by time subscripts on coefficients, allowing for permanent shifts in parameters:
The other time variance is the volatility of the error term t ε that is assumed to vary in time. By doing so, we can see the stability in time of the inflation process conditional on developments of the explanatory variables.
We are primarily interested in the long-run impact of world food price fluctuation calculated as 
Empirical analysis

World food price and exchange rate pass-through
This analysis is about the time variation in the dynamic effect of unanticipated changes in international food prices on domestic macroeconomic variables.
First, we analyse the pass-through into domestic prices estimated from the inflation equation. Pass-through posteriors means support the view that the parameters are indeed timevarying. Figures 3a and 3b and 3c display estimated long-run pass-through of the world food price and the effective exchange rate.
The long-run food pass-through is positive for all three countries supporting the idea that the events on global commodity markets were reflected in higher levels of domestic food inflation. It has increased over time in Bulgaria and Romania, but has decreased constantly in Poland (from 0.28 to 0.18). For Romania, increases are rather concentrated after 2012 (increase to 0.17 in 2015 from 0.13 at the end of 2005). For Bulgaria, food price pass-through has also increased (from 1 at the beginning of 2006 to 5.5 in 2015), but the magnitude and the timing of the increase differ. In Romania, we notice more abrupt shifts in 2009, and 2013−2015. In Bulgaria, the increase in pass-through somewhat accelerated after 2011 with an episode of decline in 2014. The long-run exchange rate pass-through has declined from 2008 to 2013 for all three countries, but then things changed: for Romania the rate increased sharply, differently from the pass-through in Bulgaria and Poland.
The long-run coefficients are larger in Bulgaria, maybe due to smaller exchange rate volatility that do not make importers wary so much about changing prices to adjust profit (McCarthy, 2000) and due to hard peg exchange rate regime, which limits the country's capacity to respond to the crisis.
In sum, the pass-through rates indicate that exchange rates have a modest effect on domestic price inflation while world food prices have a stronger effect.
The domestic consumer prices have been more responsive to movements in world food prices, especially after the second surge in 2010−2011. At the same time, the levels and volatility of the consumer prices inflation have declined (more pronounced in Bulgaria, Figure 2 and Figures A1, A2 and A3 in Appendix).
Responses to a unitary world food price shock
During the last 20 years, the countries in our study have pursued liberalization of their agricultural and trade policies in order integrate into world markets. This is not without costs, which mainly come from greater exposure to world price shocks. High global food prices were transmitted to domestic economy causing pressure on inflation through imported agricultural goods, and on domestic currency through balance-of-payments disequilibrium.
The integration into world markets thus cause vulnerabilities mainly for Romania which has a negative net agricultural export and for Bulgaria, which has a limited capacity to respond to world inflation due to hard peg exchange rate regime.
In this section we measure domestic responsiveness to an unexpected movement of the world food price. We simulate a positive shocks (a shock: i.e. the world food price movement which a model cannot predict) caused by the world's food price index. Impulse responses are calculated for an initial shock equal to the mean of stochastic volatility as explained in Nakajima (2011) . The aim of the simulation is to determine the extent to which each country responds to a common external shock and to what extent the effects are persistent and variable in time.
The responses are drawn in a time-series manner by showing the size of the impulses for one month to one-year horizon. The time-varying nature of the macroeconomic dynamics is shown in the impulse responses, in Figures 4 to 7 .
The positive deviation of the world's food price impact is time-varying, being more pronounced at the beginning and the end of the time period. The three economies react negatively to the shock and reduce the month-over-month growth rate in agricultural imports and exports (Figures 4 and 5 In response to an unexpected rise in global food prices the fall in agricultural imports is significantly larger than the decrease in exports in all three countries. The agricultural imports response for Bulgaria are larger than for Romania and Poland (almost twice), but the reduction in agricultural export is minor and last 5 month after the shock. Differently, in Romania and Poland the shock to export is not absorbed within a year time horizon.
In fact, these differences can originate from the opposed position of the countries regarding the net agricultural export: Romania has a high dependence on imports to level out the market shortages and price jumps that result from domestic supply shocks, Poland has a better position of the agri-food trade balance, while Bulgaria improved on her trade balance only after 2007.
We separate out the effect of the changes in world food prices on domestic inflation from those of changes in countries' real exchange rates by introducing the real effective exchange rate into the model. This separation is important for Romania because the country has a highly dependency on food imports to meet domestic demand.
The initial impact of a positive shock in world food price is positive, thus increasing domestic inflation and depreciating the currency for all three countries and remains like that for a year in all of the countries (Figures 6 and 7) . However, there are noticeable differences across countries. For Bulgaria, the impact on inflation is large from 2006 to 2008, when the depreciation of the currency is around 0.22 points in the first month and reduces to almost half on one year horizon. For Romania and Poland, the shock response is higher after the second rise in world food price.
Another difference between the impulse responses of consumer price inflation to a world food price shock is the greater variability of the response in Romania, especially during the later years after the second surge in global agricultural prices. Also we notice the greater persistence of the shock after a year-time horizon.
Exchange rate changes can delay or slow down the transmission of price shocks. In response to an increase in the world trade prices, also the country's domestic price is expected to rise. But if the country's currency appreciates (depreciates), the effect of lowering (raising) the domestic price for the imported good we notice also. The exchange rate movement could thereby mitigate the transmission of the price shock. Also the inflationary effect of a currency depreciation on domestic prices is counteracted by a decrease in the world price.
At the same time the exchange rate could respond to the world price increase and depreciate (Figure 7 ). For Bulgaria, the impact of a positive shock in the world food price is more pronounced from 2006 to 2008, when the depreciation of the currency is around 0.2−0.22 points in first month and diminishes to almost half on a six month horizon. Romania respond to an unexpected food price shock by depreciating the currency: the impact declines from 2007 to 2010, but rises again after the second important increase in global prices − the effect of the shock is very variable in time with peaks in the last months of the years 2010, 2011, 2013, and 2015 . 
Conclusions
The rise in the price of food in global markets questions the idea that open economies and free trade can always have a positive impact on food security. An important issue that governments face after the 2006−2008 food price crisis is the transmission of international food prices to the economy and the inflationary impact in particular. This study employs a multivariate time-varying model with stochastic volatility to analyze the macroeconomic impact of global food prices on exchange rates, inflation and agricultural trade in Bulgaria, Poland and Romania. We found that these macroeconomic variables respond to variation in global food price in a time-varying manner.
In Poland, which shows a more stable economic growth driven by the net export since 2009, the response is as follows: (i) the world food price pass-through to inflation is decreases over time; (ii) the levels and volatility of shocks to inflation declined in time, (iii) the agricultural imports and exports moderate as a result of a positive shock in global food price; (iv) the impact of the shock on the exchange rate is major from 2006 to 2009, but then the impact decreased.
Romania is a net importer of food and agricultural commodities is highly dependent on imports to level out the market shortages and price jumps that result from domestic supply shocks. We found that: (i) the world food price pass-through to inflation increases over time, especially after the second rise in world food price from 2010 to 2012; (ii) the variability in time of the impulse response of the CPI inflation to a food price shock and the volatility of unexplained inflation in Romania are high, which reveals the instability induced by global food prices into domestic prices; (iii) the agricultural imports and exports diminish more than in Poland; (iv) the exchange rate response declines from 2007 to 2010, but rises again after the second important increase in global food prices with peaks in the last months of the years 2010, 2011, 2013, and 2015. The long term impact on inflation is stronger in Bulgaria, maybe due to the hard pegs exchange rate regime, which limits its capacity to respond to the crisis. Romania and Poland follow a floating exchange rate regime, so exchange rate changes could thereby mitigate the transmission of the shock price by delaying or slowing down the impact of global food price on domestic inflation. Also the difference in transmitting world prices is related to the different status of the countries as regards the food and agricultural trade. Romania is a net importer of food and agricultural commodities, so higher food prices lead to greater trade imbalances, while Bulgaria is a net exporter.
The variability in time of the impulse response of the CPI inflation to a world food price shock and the volatility of unexplained inflation, give evidence to the instability caused by global food prices in the three countries domestic prices. At the same time, the levels and volatility of the inflation have declined in time (more pronounced in Bulgaria and Poland). The three economies react negatively to the shock and reduce the month-over-month growth rate in agricultural imports and exports. In Romania the decrease in agricultural imports and export as a result of a positive shock in global food price is more persistent than in Bulgaria and Poland. These differences originate from the different positions of the countries regarding the net agricultural export, and the high dependence of Romania on imports to level out the market shortages and price jumps that result from domestic supply shocks.
The estimated models allow us to assess the exchange rates and world food prices passthrough to domestic inflation and the role of the unexpected shocks in explaining inflation, exchange rate as well as agricultural trade variations. The novelty of the approach is that allows to track the variability of these measures at each point in time in order to find out the most important structural changes that happened.
At the same time the time-varying methodology is the source of a significant limitation of the research due to the curse of dimensionality. As more variables are added, the model become more complex facing limitation of the computing ability to obtain convergence. For this reason, we estimate a model with only six variables.
In this paper we argued that the significant difference in the point estimate of passthrough and in the impulse responses would be the food price booms and the subsequent busts and to a lesser extent the variation in exchange rate. An important open question for future research would be to examine what other factors account for the observed time evolution in pass-through such as the level of import penetration, changes in the food term of trade or a change in monetary policy regime. 
